Background: The Belgian Health Interview Survey (BHIS) is organised every 4 to 5 years and collects health information from around 10,000 individuals in a face-to-face setting. This manuscript describes the methodological choices made in the sampling design, the outcomes of the previous surveys in terms of participation rates and achieved targets and the factors to be accounted for in data-analysis. Methods: The BHIS targets all persons residing in Belgium with no restrictions on age or nationality. Trimestral copies of the National Population Registry are used as the sampling frame. To select the respondents, a multistage sampling design is applied involving a geographical stratification, a selection of clusters, a selection of households within each cluster and a selection of respondents within each household. Using matched substitution of non-participating households assures the realisation of the predefined net-sample. Results: For each BHIS the required number of participants is achieved, including the years when an oversampling of provinces and of the elderly occurred. The sampling design guarantees that the survey is implemented in large cities as well as in small municipalities. A growing problem is related to the sampling frame: it is increasingly subject of deterioration, especially in the Brussels-Capital Region.
Background
The Belgian Health Interview Survey (BHIS) is currently established as the leading health survey in the country with every 4 to 5 years around 10,000 surveyed individuals in some 6,000 households. The survey is carried out by the Operational Direction Public Health and Surveillance of the Scientific Institute of Public Health (WIV-ISP) which provides scientific support for a proactive health policy at the Belgian, European and international levels. The BHIS commenced in 1997 and was re-organised in 2001, 2004 and 2008 . The fieldwork of the latest survey started in January 2013. The BHIS is commissioned by all ministers responsible for public health at the federal, regional and community levels.
The purpose of the BHIS is to monitor the health status of the general population as well as health determinants including health behaviours, medical care consumption and social and demographic characteristics [1, 2] . The repeated cross-sectional design of the BHIS enables the assessment of health trends and provides evidence for the evaluation of health policy. Throughout the survey years, the content of the survey is increasingly embedded in the approach of the European Health Interview Survey (EHIS). Actually, in the BHIS 2008 several modules of EHIS were already implemented [3] .
Data collection is undertaken using face-to-face interviews at the participant's home. This approach is chosen as it has shown important advantages in comparison with e.g. a mail survey approach (higher response rates) or interviews by telephone (better representativity) [4] . From 1997 to 2008, data were collected using Paper and Pencil Interviewing (PAPI). The interviews are supplemented with a self-administered questionnaire (for the participants aged 15+) covering more sensitive topics like mental health, use of illicit drugs and sexual behaviour.
The analysis and interpretation of the BHIS data require a profound knowledge of the sampling and selection procedures used in the survey and an awareness of the changes that took place throughout the successive surveys. These procedures should guarantee that the results of the BHIS are sufficiently precise and unbiased while taking into account the practical feasibility of the survey given the available resources.
This manuscript describes the methodological choices in the sampling design and in the strategy to select households in the BHIS, the methodological changes since the first survey in 1997, and the outcomes of the previous surveys in terms of participation rates and achieved targets. The manuscript also reflects on how these methodological issues should be considered in the data-analysis.
Methods

Target population
The target population of the BHIS consists of all persons with residence in Belgium, including the institutionalised elderly, with no restrictions on age or nationality. The National Population Registry (NPR) is used as the sampling frame. This registry contains information on gender, age, address, citizenship, marital status, etc. of each individual. It is continuously updated based on the information provided by the municipality officials. Indeed, each birth, death and change of address in Belgium has to be declared to the municipality officials. Although the NPR is the most complete and updated population registry in Belgium, using it as a sampling frame implies that those not officially registered (homeless people, unofficial refugees and all those living with them) are excluded from participation in the BHIS. No absolute figures exist on the not officially registered persons in Belgium.
Recent estimations suggest that around 100,000 people are not registered, especially in big cities like Brussels, Antwerp and Gent. A special case concerns the institutionalized people; in the NPR it is mentioned whether someone is institutionalised or not, without defining the kind of institution. Such institution could be a home for the elderly, a convent, a psychiatric institution, a prison… For operational reasons, prisoners and persons living in large convents or in a psychiatric institution are excluded from the survey since this would require a very specific contact procedure (including a permission of organisations' hierarchy) and adapted interview skills. e People institutionalised in a home for the elderly are included in the survey, given the specific attention of the Commissioners for the health of the elderly population. Therefore all institutionalised people are included in the sampling frame, but their eligibility to participate in the survey is assessed post hoc during the data-collection phase, that is; when the interviewer tries to contact them. In case it turns out that the sampled person lives in a prison, large convent of psychiatric institution, he/she is considered as non-eligible [5] .
Sampling scheme
The BHIS is a cross-sectional household interview survey. Respondents in the BHIS are selected according to a multistage sampling design, involving a geographical stratification, a selection of clusters within each stratum (primary sampling units), a selection of households within each cluster (secondary sampling units) and a selection of individuals within each household (tertiary sampling units). A summary of the sampling scheme applied in the BHIS is presented in Table 1 . Belgium consists of three regions: the Flemish Region (around 6.1 million inhabitants), the Walloon Region (3.4 million) and the Brussels-Capital Region (1 million). To obtain accurate estimates for the three regions and, consequently, for the whole country a regional stratification scheme was applied [6] , with a sample size of 3,500 interviews in both the Flemish and the Walloon Region and 3,000 in the Brussels-Capital Region. As a consequence, the total basic sample size of the BHIS is set to 10,000 individuals. Within both the Flemish and the Walloon Region, a second stratification is applied at the level of the provinces. The Flemish Region comprises the provinces of Antwerp, Limburg, Flemish Brabant, East Flanders and West Flanders. The Walloon Region is composed of Hainaut, Walloon Brabant, Namur, Liège and Luxembourg. The province of Liège covers a small German Community (around 70,000 inhabitants) which is considered as a separate stratum. The Brussels-Capital Region is not subdivided into provinces. The number of interviews to be realised in every province is proportional to the population size of each province within the region. In the German Community, however, the number of interviews is fixed to 300, as decided upon by the commissioners of the survey. Consequently, the number of interviews to be realised in the other parts of the province of Liège is decreased with this number. As a result, the total number of strata to be considered is 12: the Brussels-Capital Region, the German Community, Liège without the German Community and the 9 other provinces.
In each stratum, it would have been possible to select the individuals using a random sampling technique. Yet, the travel costs of such scenario are very considerable and exceed the available budget. In this context, it is decided to apply a clustered selection procedure where groups of 50 individuals to be interviewed throughout the year of data-collection are selected from a limited number of municipalities in every stratum. In addition to the practical consideration of the cost reduction, the decision to work with groups of 50 individuals is also based on methodological considerations: this number is judged as the best trade-off that allows to ensure feasibility and a low interviewer-bias.
The selection of the groups and the municipalities is based on a method that combines probability proportional to size (PPS) sampling and systematic sampling. First the number of interviews to be realised in every province is divided by 50 to define the number of groups. The next step involves the ranking of all municipalities according to their population size in every province. A stepwise selection of municipalities is applied using the total population in every province divided by the number of groups as a step size. By doing so, big cities as well as small municipalities can be selected for the survey. In some large cities several groups can be selected.
Given the dynamic nature of the NPR, the datacollection phase is split in four quarters and the quarterly samples do not involve replacement. As a consequence, the number of people to be sampled each quarter per group was (on average) 12.5 individuals. Within each group, households were selected via a systematic sampling procedure: the population registers of the selected municipalities were ordered in terms of statistical sectors (wards), size of the households (1, 2, 3, 4, 4+ members) and the age of the reference person of the household (it is the administrative contact point of a household). The number of households to be selected is determined by dividing 12.5 by the mean household-size in every selected municipality. The total number of households of a selected municipality, divided by the number of households to be selected for the survey in this municipality, provides the selection step.
The last step in the selection process is to identify the members of the households that will be invited to participate. To avoid intra-household correlation and to limit the burden for the households, maximum four household members are selected to participate in the survey. In households with more than 4 members, the reference person and his/her partner are always selected together with two or three other members of the household who have their birthday coming up first after the interview.
An important goal of the BHIS is the assessment of time trends. Therefore no important methodological changes have been introduced since the first survey.
However, two refinements in the survey methodology were applied after 1997: the possibility of oversampling of specific population groups and the geographical division Table 1 Overview of the sampling scheme of the Belgian health interview survey
Overall methodological approach of the BHIS
The aim of the survey is to realise a prefixed number of interviews in every region per quarter. A methodology is used in which groups of 50 individuals (in a number of selected households) will be interviewed. The number of groups equals the prefixed number of interviews in every region divided by 50. In each quarter on average 12.5 individuals per group are to be interviewed. The number of groups to be considered in every province (within every region) is proportional to the number of inhabitants of the provinces.
Step 1: selecting municipalities To determine in which municipalities the groups of individuals will be selected, municipalities are ordered within every province according to their size (number of inhabitants). A systematic selection procedure is used (based on a random start and an interval equal to the size of the province divided by the number of groups to be selected in the province) to attribute groups to municipalities within the provinces. It is possible that several groups are selected in the same large municipality.
Step 2 The number of households to be sampled per quarter is theoretically 12,5 divided by the average size of the households of the selected municipality. In order to have enough substitute-households the numerator doubled (25 instead of 12,5). For this calculation, the size of household with more than 4 members is recoded as 4 (because only a maximum of 4 members per household can be selected for the interview).
The step-size (or 'interval') used to select the household is defined as the number of households within the municipality divided by the number of household to be sampled in the municipality.
For every selected household during the sampling, three consecutive households in the order are selected, this in the context of substituting non-participating households. Such quadruples of households are called "clusters".
To prevent any order effect, the households within each cluster are randomized, while the clusters themselves are randomised too. After applying this procedure, the fieldwork starts using the first ranked cluster/the first ranked household within the cluster and working from the top to the bottom of the list until the prefixed number of interviews is achieved.
Step 3: selecting individuals
In participating households, a maximum of 4 members are selected for the interview: the reference person, the partner (if present) and 3 (no partner) or 2 (partner present) other random selected household members. For non-participating households, substitute households are activated. This process continues till the regional prefixed number of interviews is attainted.
of municipalities with more than one selected group. These changes have no impact on the main methodological approach of the survey. Based on the request of the commissioners, a provincial oversampling was initiated in 2001 to offer provincial health authorities the opportunity to obtain more precise results for their province. The oversampling is subject to payment and the implementation is straightforward. All provinces are informed on the number of sample units they are entitled to according to their population size in the framework of the basic sample. Provinces are then asked if they are interested to inflate their sample size with additional (groups of 50) individuals. These extra numbers are taken into consideration when selecting the groups and municipalities.
Since 2004, and this specifically based on the demand of the Ministry of Social Affairs, the option is also offered to perform an oversampling of specific population groups, particularly the elderly. The operationalisation of this oversampling is more challenging because the sampling approach needs to yield a predefined number of extra elderly while respecting the general principles of the sampling design. This has been resolved through the stratification of the sampling frame in the selected municipalities according to the age of the reference person, and a calculation of the number of households to be sampled in each age stratum, taking into account the estimated age distribution of the household members in the stratum.
In BHIS 1997 and 2001, groups selected from one large municipality, could belong to different statistical sectors. Interviewers were required to contact households throughout the whole territory of the municipality which resulted in supplementary costs. Therefore from 2004 onwards, large municipalities (with several groups) are divided in as many geographical areas as there are groups, ensuring that the population size in each area is more or less equal. In each geographical area, operationalized as a number of adjacent statistical sectors, 50 persons are interviewed. This avoids that an interviewer in charge of one group has to carry out interviews scattered all over the municipality.
Given that the BHIS is not a compulsory survey, it is confronted with non-participation of households, which could be non-contactable households or refusals to participate. To ensure that the predetermined number of interviews is realised in due time, one option would be to increase the sample size based on an assessment of the non-response rate in the country. Yet, when the first edition of the BHIS was carried out in 1997, there was an uncertainty as to the response rate in this survey. Therefore, a decision was reached to apply matched substitution, where for every selected household 3 consecutive households in the ranked list of households used during systematic sampling were selected as substitutehouseholds. The selected household, together with its substitutes is called a cluster. Given the criteria used to rank the households in every municipality, the initial selected household and its substitutes are alike in terms of statistical sector, size of the household and age-group of the reference person. This approach was implemented in the first BHIS and all the subsequent surveys.
The number of clusters is exactly the same as the number of households initially selected for participation. If the first household in the cluster turns out to be a non-participating household, the next household in the cluster will be contacted, in case the second household is a non-participating household, the third household is contacted and so on, until the cluster is exhausted. To ensure that the predetermined number of interviews for every group could be achieved, it was decided to double the number of clusters in every group. This was done by dividing the step size calculated for the systematic sampling of the households by two. In case a cluster is exhausted (all households of the cluster turned out to be non-participants), a substitute cluster is activated and the first household of a new cluster is contacted. Contrary to the households belonging to the first cluster, the households belonging to the substitute clusters are not matched to the initial clusters. In other words, the initial and substitute clusters do not show common characteristics concerning the age of the reference person, the size of the household or the statistical sector.
Results and discussion
Using the BHIS 2008 as an example, an overview of the distribution of the sample size by province is presented in Table 2 . In 2008 a boost of the elderly population of in total 1,250 persons was added to the basic sample, yet this did not alter the basic sampling approach; it just increased the number of groups to be selected. In both the Flemish and the Walloon regions 3,950 interviews, and in the Brussels-Capital Region 3,350 interviews had to be realised. As a consequence, the selection probability differs by region; the relative probability to be selected in the Flemish Region is 0,65, in the Walloon Region it is 1.06 and in the (smallest) Brussels Region it is 3.25. Also differences in provincial sizes resulted in unequal selection probabilities. The oversampling of the German Community, part of the province of Liège, resulted in a low selection probability for the rest of this province. The unequal selection probability affects the representativity of the results, but this is corrected during the estimation process by using sampling weights equal to the inverse of the sampling probability, based on the (known) size of each province-age-household size stratum [7] . Table 3 presents the evolution of the sample size from the BHIS1997 to the BHIS2008 taking into consideration the oversampling requested by some partners. In the BHIS2001 four of the ten provinces (two in the Walloon region and two in the Flemish region) made use of this possibility. In the BHIS2004 only two provinces financed an oversampling and in the BHIS2008 there were no candidates for oversampling.
In addition, an oversampling of the elderly population was done in the BHIS2004 (for the population of 65 years and older) and in the BHIS 2008 (for the population of 75 years and older). The aim of this oversampling was to obtain more precise estimates for the older population in view of the aging of the population. Specific attention was paid to the age group of 85 years and older. Targets were defined by age group. Both the oversampling at provincial level and the oversampling of older people did not affect the representativeness of the results of the BHIS, as post stratification weights are used to calculate regional and national estimates.
In Figure 1 the geographical dispersion of the municipalities for the BHIS 2008 is presented. All major Belgian cities, but also a number of small municipalities are represented in the sample. In the Brussels Region, all municipalities were selected due to the relative high number of interviews to be obtained in this region. The figure shows also in which municipalities several groups were selected. In these municipalities the statistical sectors were regrouped in geographical areas consisting of a number of adjacent statistical sectors.
The target of the BHIS is defined in terms of a netsample: the aim is to interview 10,000 individuals (eventually supplemented with boosts of specific subpopulations). Matched substitution is used as a mean to account for non-participation. In Table 4 , an overview is presented of the evolution of the participation pattern at the household level throughout the different surveys. In the BHIS 2008, 14,438 households had to be activated to achieve 11,254 individual interviews. Based on the information provided by the interviewers, it was found that for 0.7% of these activated households, the address did not exist, and for 16.1% the household selected for participation did not live (anymore) on the address provided to the interviewers (or a change of address has occurred). In addition, 10% of the households could not be contacted, despite several documented efforts of the interviewers. More than 30% of the households refused to participate, while 40.2% did agree to participate. The figures for the BHIS2008 can be compared with the ones for the BHIS2004 since both included a boost of the elderly populations. While the percentages for noncontactable and refusing households remained stable over both years, the percentage of participating households declined. The steep increase of the number of households that didn't live (anymore) at the address in the BHIS2008 was mainly due to the delay in the datacollection in the Brussels-Capital Region due to a high drop out of interviewers in the region. This resulted in a deterioration of the sampling frame.
To assess the impact of the substitution procedure, fieldwork data of the BHIS 2001, for which an thorough analysis of the participation pattern was done, are presented in Table 4 [8] . All households with correct addresses are subdivided in 4 groups: initially selected households, first, second and third substitutes. Table 5 lists for each group the percentage of contactable versus non-contactable households and, among the contactable households the percentage participating versus refusing households. The percentage of households labelled as 'non-contactable' grows from 15.7% in initially selected households to 23.5% in the group of third substitutes. Partially this can be due to decreasing efforts of the interviewers to contact already the fourth household to obtain participation. The figures also show a decline in the participation rate; 64.4% of the initial household for which a contact could be obtained, agrees to participate against only half of the contacted third substitutes.
Statistical methods for estimating population parameters are based on the assumption that the observations were selected independently and that each observation has the same selection probability. The BHIS approach, in which a stratified clustered sampling procedure is applied, deviates from this assumption: the selected households are clustered geographically (limited number of selected municipalities), and within a participating household only a sub-sample is taken (maximal 4 household members are selected to participate in the survey). Additionally, regional stratification contributes even further to the unequal selection probabilities. Analysing BHIS data has to account for these design effects. Weighting factors are calculated that reflects the differential selection probability, corrects for differential response rates and adjusts the (demographic) sample distribution by using known population distributions. Consequently, the weight for each sampled individual in the BHIS is the product of the reciprocal of the selection probability within a household) and of a post stratification factor for each province according to age, gender, household size and quarter of the year in which the interview was done. Table 6 presents the BHIS2008 results for the indicator 'subjective health' with and without taking the design effects into account. Point estimates and standard errors are to a considerable extent influenced by the design effect: the global absolute difference between the estimate without taking the design effect into account and the one calculated after taking the weights, clustering and stratification into account is not less than 3.17%. At the same time, the standard error increases in relative terms with 42%. Therefore an analysis ignoring the design effect would yield biased point estimates that cannot be considered representative for the survey population. Yet, the impact of both stratification and clustering has shown to be quite minimal. This is mainly due to the fact the number of clusters (=households) is big and the number of units (=individuals) within a cluster (=household) is limited (maximum 4).
Conclusions
Compared with most other European countries, Belgium has a relatively short history of organising health surveys. The organisation of four BHIS so far, shows that the methodological approach developed in the years preceding the first survey is quite successful. For every survey year, the net-sample at the regional level and consequently at the country level has been obtained. So far, there is no need to adapt fundamentally the methodology applied in the survey. Some minor changes smoothed the data-collection, although some methodological issues remain points of discussion.
From the 2001 survey onwards, prior to the sampling procedure, municipalities for which several groups had to be selected were subdivided in several geographical homogeneous units according to the number of groups. By doing so, the travel time and travel costs for interviewers were set to a minimum. Unfortunately, this approach is only applicable in case several groups are *** For the BHIS1997, it was not possible to distinguish on-participation due to a non-existing address nor to the fact that the household didn't live at the indicated address. Such cases were included in the category 'non-contactable households'. selected in the city. In sparsely populated, large municipalities, interviewers remain confronted with considerable travel distances. A possible drawback of the complex sampling design, including stratification and clustering at different levels is that point and variance estimates will be biased if design effects are not taken into consideration during data analysis. Although multilevel analysis applied to (continuous and discrete) items of the BHIS1997 to assess the effect and the magnitude of the design showed very little intra-municipality correlation and moderate intra-household correlation [9] , there is a need to correct for this correlation when presenting the results. The unequal selection probability, e.g. due to the nonproportional stratification at the regional level, and the oversampling of specific population groups, requires the use of sampling weights. Considering weights and design settings when analysing survey results is essential [10] but in practice not always applied.
The BHIS is focused on the realisation of the fixed number of interviews at the end of the fieldwork-phase. Using field substitution is believed to be the 'engine' to achieve this. Substitution would also assure that hard-toreach households (either in terms of 'hard to contact' or 'hard to participate') would in the end be represented in the net-sample since hard-to-reach households are to be substituted with 'similar' households. Nevertheless field substitution remains a contested survey practice [11] . In the European Social Survey, for instance, substitution is simply not allowed as it does not meet the requirements of probability sampling [12, 13] . However, Smith has explored the use of substitution in surveys and concluded that optimal substitution (including close field supervision, full-efforts to contact initial cases and substitutes,…) resembles the use of random replicates and can be considered a full-probability design [14] .
Although it is assumed in the BHIS that substitution partially prevents a bias that could be introduced due to a practice in which interviewers avoid 'hostile' areas (since substitution takes place within the original statistical sector) or hard to reach households (since criteria as household size and age of the reference person are used for substitution), analyses on the BHIS2004 results showed no empirical evidence for this assumption [15] . Yet, based on the experience of the BHIS it is felt that substitution positively affects the quality of the data collection in four other ways; (1) It optimises the efforts interviewers will 'invest' in trying to contact a household (since the substitutes will probably, given the common characteristics with the initial household, be as hard to reach). (2) It assures a better spread of the interviews throughout time. Given the approach to launch a batch of households to be contacted at the start of each trimester, not applying substitution would cause a peak of interviews during the first phase of every trimester. This peak does also exist in the current approach (given that +/− 60% of all participating households are initially selected household) but is smoothed by the substitution process. (3) It facilitates the monitoring of the data collection phase and enables adjustments in the number of interviews to be realised. Although updated versions of the NPR are used to compose the sample, deterioration of their quality is inevitable. Substitution enables to account for this, since it uses factual data (communicated by the interviewers) on the number of respondents. By monitoring the accrual rate per group, per trimester (number of effective interviews), the substitution approach enables the decision to stop the activation of substitute-households once the targets are realised. (4) It is very closely target-oriented, since it does not use estimates for the participation-rate, but is based on the actual number of realised interviews. Fieldwork substitution has also some setbacks: (1) Although the initial households and the substitutes have some common elements (size, age reference person, statistical sector), their health profile can be significantly different. The assumption that the initial households and the substitutes are 'alike' can be hampered. (2) Substitution negatively affects the duration of the data collection phase. Since every time substitution is applied, the whole process of inviting households to participate, communicating the (new) addresses to the interviewers, the interviewers' attempts to contact the households,… has to be repeated, the delay between the activation of the initial household and finally the interview with a substitute-household tends to be substantial. (3) Finally substitution complicates the administrative procedures, since it presumes an individual follow up of every interviewer on a day to day basis in order to activate, or not, a substitute-household.
The finding that the methodological approach applied so far in the BHIS was successful in quantitative termsthe scheduled number of interviews were realised -is no assurance for achieving the goals of the current BHIS2013. For the BHIS2013 a shift was made from a PAPI to a CAPI-application for the face-to-face interviews. This may reduce the response rate in specific population groups (e.g. women and older people) and also affect the responses [16] . If proven to be successful, the use of CAPI will result in a tailored content of (parts of ) the questionnaire according to the demands of the different commissioners. Another change in the BHIS2013 is that the data collection has been subcontracted to Statistics Belgium that has integrated the survey in their other surveys (e.g. Labour Force Survey, Survey on Income and Living Conditions). Although the fundamental methodological choices that grounded the BHIS are left untouched (e.g. the application of matched substitution), some practicalities in the data-collection were adapted (e.g. the communication with the interviewers, the documentation of the contact-attempts).
BHIS provides unique data on the health of the inhabitants of the country. The current embedment in EHIS will enable to compare the Belgian results with these from all European countries which implies a major improvement compared with the post-harmonisation process that is needed to enable comparing of European data. Future challenges of the BHIS include the development of a Health Examination Survey (HES) as an expansion to the BHIS approach and the linkage of BHIS data with administrative databases such as health consumption or mortality by cause data. A first attempt to link data of the BHIS2008 with data from the health insurance database is now on-going.
